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ABSTRACT 


Centronycteris is a genus of rare Neotropical 
emballonurid bats that ranges from southern Mex- 
ico to southeastern Brazil. Although this taxon has 
been known to scientists for over 175 years, few 
specimens exist in museum collections. The last 
revision of the genus (Sanborn, 1936) recognized 
one species and two subspecies. Based on a sam- 
ple of specimens four times greater than was 
available to Sanborn, we find that Centronycteris 
comprises at least two species, C. maximiliani Fi- 
scher and C. centralis Thomas, which are easily 
distinguished on the basis of craniodental mor- 
phology. Centronycteris maximiliani ranges from 


southeastern Brazil to the Guianas, and west 
through northern Brazil and southern Venezuela; 
C. centralis ranges from Peru north through Cen- 
tral America to southern Mexico. Both species are 
known principally from lowland primary rainfor- 
est habitats, although C. centralis also occurs up 
to 1450 m. Aside from limited information on 
roost sites and reproduction, little else is known 
about the natural history of these rare bats. A re- 
view of published hypotheses of phylogenetic re- 
lationships of emballonurids suggests that Cen- 
tronycteris is most closely related to other Neo- 
tropical taxa, but there is no consensus regarding 
identity of its sister taxon. 


INTRODUCTION 


Bats of the genus Centronycteris are 
among the rarest of Neotropical Emballon- 
uridae. Although Centronycteris ranges from 
southern Mexico to southeastern Brazil, few- 
er than 50 specimens exist in museum col- 
lections. Consequently, variation within the 
genus has been poorly understood. Sanborn 
(1936, 1937) referred all specimens of Cen- 
tronycteris to a single species, C. maximili- 
ani, and subsequent authors have followed 
this arrangement (e.g., Goodwin, 1947; Dal- 
quest et al., 1950; Husson, 1962; Handley, 
1966; Baker and Jones, 1975; Barghoorn, 
1977; La Val, 1977; Carter and Dolan, 1978; 
Greenbaum and Jones, 1978; Hall, 1981; Al- 
buja, 1982; Lemke et al., 1982; Williams et 
al., 1983; Reis and Peracchi, 1987; Griffiths 
and Smith, 1991; McCarthy and Ochoa, 
1991; Koopman, 1993, 1994). However, our 
study of 37 specimens of Centronycteris re- 
veals that C. maximiliani is a composite of 
at least two species. The goals of this con- 
tribution are to (1) provide a systematic re- 
vision of Centronycteris with diagnoses of 
all taxa, (2) review the literature on phylo- 
genetic affinities of Centronycteris to other 
Neotropical emballonurids, and (3) summa- 
rize what is known about the natural history 
of each species of Centronycteris. 


HISTORICAL BACKGROUND 


The type species of Centronycteris Gray, 
1838, is Proboscidea calcarata (Schinz, 
1821). Schinz (1821) originally described 
this species as Vespertilio calcaratus in a 


German translation of Cuvier’s treatise on the 
Animal Kingdom. As was common at that 
time, Schinz added names and descriptions 
of taxa that were not present in Cuvier’s orig- 
inal work. Although libraries typically cata- 
log this publication under Cuvier’s name, au- 
thorship of new taxa (e.g., Vespertilio cal- 
caratus) described therein is properly attrib- 
uted to Schinz (1821). Additional confusion 
concerning authorship was introduced by 
Schinz’s (1821: 180) attribution of V. cal- 
caratus to ““P. Max.”? (Maximilian, Prinz zu 
Wied-Neuwied). While it is possible that 
Wied-Neuwied used the name V. calcaratus 
on specimen labels or in letters or manu- 
scripts seen by Schinz, Wied-Neuwied was 
not the first to publish this name. Neverthe- 
less, many subsequent workers have incor- 
rectly cited Wied-Neuwied as the author of 
V. calcaratus (e.g., Fischer, 1829; Gervais, 
1856; Peters, 1867, 1872; Palmer, 1898, 
1904; Trouessart, 1904; Thomas, 1913; Hall, 
1981; McKenna and Bell, 1997). Wied-Neu- 
wied (1822-31, 1826) himself cited Schinz 
(1821) as the source of this name, and we 
agree with Carter and Dolan (1978) that 
Schinz must be regarded as the author of 
Vespertilio calcaratus. 

Schinz (1821) provided a brief description 
of V. calcaratus and noted that it was from 
Brazil. The name V. calcaratus seems to 
have been derived from the unusually long 
calcar mentioned in all early descriptions of 
this taxon. Carter and Dolan (1978) identified 
an unnumbered specimen in the Zoologisch- 


1998 


es Museum der Humboldt Universitat zu 
Berlin as either the holotype or a syntype of 
V. calcaratus. This specimen was collected 
by Wied-Neuwied at Fazenda Cordoba, Rio 
Jucti, near Rio do Espirito Santo, Espirito 
Santo, Brazil (Wied-Neuwied, 1826). Wied- 
Neuwied (1826) provided a more detailed ac- 
count of Vespertilio calcaratus, including se- 
lected measurements, and in 1827 he pub- 
lished a color plate showing a dorsal view of 
the animal (in Wied-Neuwied 1822-31). 

Fischer (1829) discovered that Vespertilio 
calcaratus Schinz, 1821, was preoccupied by 
Vespertilio calcaratus Rafinesque, 1818, and 
provided a replacement name, Vespertilio 
maximiliani Fischer, 1829. Apparently un- 
aware of Fischer’s work, Temminck (1841) 
moved this taxon to the genus Emballonura 
as E. calcarata. 

Gray (1838) proposed the name Centron- 
ycteris for this bat, under which he listed 
three name combinations: Proboscidea cal- 
carata, Vesp. calcaratus Pr. Max., and Vesp. 
maximiliani Fischer. Many subsequent au- 
thors (e.g., Sanborn, 1937) have interpreted 
Gray’s citation as indicating that he intended 
to use the name Centronycteris calcarata for 
this species. However, Gray’s text suggests 
otherwise. Centronycteris appeared in Gray 
(1838) under the numbered, capitalized head- 
ing Proboscidea Spix. Gray (1838: 499-500) 
listed three subdivisions under this heading: 
(1) “Interfemoral membrane truncated. (Pro- 
boscidea, Spix)’’; (2) “‘Interfemoral mem- 
brane produced conical; heel-bone very long, 
Centronycteris’’; and (3) ‘‘Interfemoral 
membranes, & c. ? (Embalanura, 
Kuhl).’”’ Gray went on to note the species in- 
cluded under each of these subdivisions. 
Each species was listed on a separate in- 
dented line, and the preferred name was ap- 
parently given first, followed by synonyms. 
Because only one species was noted under 
Centronycteris, and the first name listed for 
this taxon was Proboscidea calcarata, it 
seems likely that Gray (1838) intended Cen- 
tronycteris aS a subgeneric subdivision of 
Proboscidea that included only one species, 
Proboscidea calcarata. Palmer (1904) and 
Miller (1907) suggested this interpretation, 
noting that Gray (1838) named Centronyc- 
teris as a subgenus of Proboscidea. In spite 
of indications to the contrary by Sanborn 
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(1937), Gray (1838) did not explicitly use the 
combination Centronycteris calcarata. How- 
ever, a few years later Gray (1843) raised 
Centronycteris to genus rank in a summary 
of genera of Neotropical bats. 

Gervais (1856) used Centronycteris as a 
generic name, but retained Schinz’s (1821) 
species epithet rather than using Fischer’s 
(1829) replacement name. He was the first to 
explicitly use the combination Centronycter- 
is calcarata. 

Peters (1867, 1872) also used the name 
Centronycteris calcarata. Peters (1867) pro- 
vided a detailed description of the holotype 
together with more measurements than had 
been provided by Wied-Neuwied (1826). 
Subsequently Peters (1872) described an ad- 
ditional specimen from Peru? and provided a 
comprehensive description of the species. 
Finding several points of disagreement be- 
tween the new Peruvian specimen and the 
holotype of C. calcarata (which at that time 
was dried and in poor condition), Peters 
soaked the latter in a weak solution of alum 
in order to soften it. In contrast to earlier de- 
scriptions, Peters (1872) found the calcar of 
C. calcarata to be comparable in relative 
length to that of Saccopteryx rather than un- 
usually long (see footnotes to table 1). He 
also noted that C. calcarata has only one pair 
of upper incisors, not two pairs as reported 
by Wied-Neuwied (1826). Peters’ (1872) de- 
scription provided the basis for most subse- 
quent treatments of Centronycteris. 

Between 1865 and 1883, Peters commis- 
sioned a series of plates to illustrate a mono- 
graph on bats in the Berlin Museum, ‘‘Mu- 
seum Zoologicum Berolinese. Chiroptera” 
(Matschie, 1899: v). Peters died before com- 
pleting this work, but the plates were pub- 
lished posthumously in 1906 (Thomas, 
1909). One of these plates (Taf. 17Aa) illus- 
trated external, cranial, and dental morphol- 
ogy of Centronycteris calcarata (fig. 1). The 
peculiar swelling on the leading edge of the 
propatagium (antebrachial membrane) and 
external measurements of the bat shown in 
this plate agree exactly with comments and 


3This specimen was described by Peters (1872) as a 
female preserved in alcohol sent to him by Dr. L. Tac- 
zanowski of the Warsaw Museum. The locality was re- 
ported as “high plains of Peru’ (Peters, 1872: 700). 
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Centronycteris calearata 


Fig. 1. 


Plate illustrating external and craniodental morphology of Centronycteris calcarata. This 


plate was commissioned in the late 1800s by Wilhelm K. H. Peters to illustrate his monograph on bats 
in the Berlin Museum, which was never published (see text for discussion). Measurements and cranio- 
dental morphology of the bat in the plate show it to be unquestionably C. centralis Thomas as recognized 


in the present study. 


Measurements reported by Peters (1872) for 
his Peruvian specimen (see footnote 3). 
Dobson (1878) placed Vespertilio calcar- 
atus Schinz, 1821, in the genus Saccopteryx, 
thus creating the new combination Saccop- 
teryx calcarata. He recognized four subgen- 
era in Saccopteryx: Centronycteris (including 
only Saccopteryx calcarata), Balantiopteryx, 
Peropteryx, and Saccopteryx. Dobson’s in- 
clusion of Vespertilio calcaratus in this com- 
plex was based on cranial similarities and the 
mistaken impression (obtained from his mis- 
reading of Peters, 1872) that a wing sac was 
present in the female Centronycteris from 
Peru described by Peters (1872). Dobson 


(1878: 354) placed Saccopteryx in his 
““Group Emballonurinae’’ together with 
Rhynchonycteris, Coleura, Emballonura, and 
Taphozous. He placed Diclidurus in its own 
taxon, “Group Diclidurinae.”’ 

Palmer (1898), following Dobson (1878) 
but unaware of Fischer (1829), proposed a 
second replacement name for Vespertilio cal- 
caratus Schinz, 1821. This new name, Sac- 
copteryx wiedi Palmer, 1898, is an junior ob- 
jective synonym of Vespertilio maximiliani 
Fischer, 1829. 

Trouessart (1897) followed Gervais (1856) 
and Peters (1867, 1872) in using the name 
Centronycteris calcarata. However, in a later 
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edition of the same work, Trouessart (1904) 
accepted Palmer’s (1898) replacement name 
wiedi but retained Centronycteris as the ge- 
neric epithet. The resulting binomial, Cen- 
tronycteris wiedi, 1s an junior objective syn- 
onym of Vespertilio maximiliani Fischer, 
1829. Miller (1907) was the first to note this 
synonymy, and he firmly established Cen- 
tronycteris maximiliani as the valid name for 
this taxon in his monograph on families and 
genera of bats. All subsequent authors have 
followed Miller’s usage. 

Thomas (1912) described a second spe- 
cies, Centronycteris centralis, from Panama. 
A year later, Thomas (1913) discussed an ad- 
ditional specimen of Centronycteris maxi- 
miliani from the Brazilian state of Para, and 
reconfirmed his conclusion that C. maximi- 
liani and C. centralis represented distinct 
species. He also summarized all known re- 
cords for Centronycteris, four specimens al- 
together: (1) the holotype of C. maximiliani, 
a male from southeastern Brazil (described 
in detail by Peters, 1867); (2) a female from 
Peru (described by Peters, 1872); (3) the ho- 
lotype of C. centralis, a male from Panama 
(described by Thomas, 1912); and (4) a fe- 
male specimen of C. maximiliani from Para. 

In his account of the mammals of Panama, 
Goldman (1920) repeated Thomas’ (1912) 
description of Centronycteris centralis but 
did not report any new specimens or infor- 
mation. Allen and Barbour (1923) subse- 
quently reported discovery of another speci- 
men of C. centralis among material collected 
by C. E Underwood in Costa Rica. This 
specimen had gone undetected in the Muse- 
um of Comparative Zoology, Harvard Uni- 
versity, for many years after its collection in 
1908, and was identified only after Thomas’ 
(1912) and Goldman’s (1920) descriptions 
were published. 

No additional specimens of Centronycteris 
were reported until Sanborn (1936) described 
a specimen collected in Guatemala. This was 
followed by Sanborn’s (1937) revision, 
which included reference to the six speci- 
mens mentioned above as well as an addi- 
tional specimen from Brazil and two from 
Ecuador. Sanborn’s (1937) revision was thus 
based on nine specimens, only five of which 
he examined personally. 

Contrary to Thomas’s (1912, 1913) con- 
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clusions, Sanborn (1937) was not convinced 
that C. centralis represented a species dis- 
tinct from C. maximiliani. Sanborn (1936) 
gave no justification for reducing C. centralis 
to a subspecies of Centronycteris maximili- 
ani. However, a year later he provided a brief 
explanation under his description of C. max- 
imiliani centralis: 


In his original description Thomas said of Centro- 
nycteris centralis ‘“‘Mainly distinguishable from C. 
maximiliani by its very different basisphenoid pits.”’ 
None of the specimens examined seem to agree with 
Thomas’ characterization of the typical form, so all 
are referred to centralis. (Sanborn, 1937: 339) 


We have examined all of the specimens seen 
by Sanborn, and find that four of these (from 
Guatemala, Costa Rica, and Ecuador) corre- 
spond perfectly with Thomas’ (1912) de- 
scription of C. centralis. The skull of the fifth 
specimen, a male from central Brazil 
(AMNH 78858), was poorly prepared and 
the basicranial region is damaged. We sus- 
pect that Sanborn (1937) misinterpreted the 
crushed basisphenoid pits in this specimen as 
being intermediate in form between the mor- 
phology Thomas (1912, 1913) described for 
C. maximiliani in eastern Brazil and the mor- 
phology typical of C. centralis in western 
South America and Central America. Nev- 
ertheless, Sanborn’s (1937) usage has been 
followed by all subsequent authors. 


MATERIALS AND METHODS 


We examined most of the specimens of 
Centronycteris currently available in muse- 
um collections in the United States and Eu- 
rope, and reviewed all literature accounts of 
this taxon. Unless otherwise indicated, all 
observations reported here are based on 
adults with closed epiphyses. Measurements 
of the holotypes and other specimens avail- 
able to us are provided in tables 1 and 2. 
External and craniodental measurements are 
in millimeters; body mass (weight) in grams. 
The first five measurements listed below 
were taken from skin tags or other records 
made by the collector of each specimen; oth- 
er dimensions were measured with dial or 
digital calipers. Measurements are defined as 
follows: 

Weight: Body mass in grams. 
Total length: Distance between the tip of the 
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snout and the tip of the last caudal verte- 
bra. 

Tail length: Combined length of the caudal 
vertebrae measured from the posteriormost 
point on the rump to the tip of the last 
caudal vertebra. 

Hind foot length: Distance from the anterior 
(inner) edge of the base of the calcar to 
the tip of the claw of the longest toe. Some 
European collectors may have omitted the 
length of the claw from this measurement. 

Ear length: Distance from the ear notch to 
the distal tip of pinna. Instances in which 
original measurements were obviously 
made using a different protocol are not in- 
cluded in our summary tables. 

Forearm length: Distance from the elbow 
(measured from the tip of olecranon pro- 
cess) to the distal end of the forearm in- 
cluding carpals. This measurement is 
made with the wing at least partially fold- 
ed. 

Tibia length: Distance from the proximal end 
of the tibia to the posterior (outer) base of 
the calcar. 

Condylocanine length: Distance between the 
posteriormost point on the occipital con- 
dyles and the anteriormost point on the up- 
per canines as measured in a parasagittal 
plane. This measurement was used as an 
alternative to other measures of skull 
length because emballonurids (including 
Centronycteris) have a movable premax- 
illa that is often missing or distorted in 
museum preparations. 

Basisphenoid pit length: Greatest length of 
the basisphenoid pits as measured in a par- 
asagittal plane. 

Lacrimal breadth: Greatest breadth across 
the lacrimal (= anteorbital) ridges. 

Postorbital breadth: Least breadth across the 
constriction of the frontals, posterior to the 
postorbital processes. 

Zygomatic breadth: Greatest breadth be- 
tween the outer edges of the zygomatic 
arches. 

Mastoid breadth: Greatest breadth of the 
skull as measured across the mastoid re- 
gion. 

Maxillary toothrow length: Greatest crown 
length of the maxillary toothrow measured 
from the anteriormost surface of the ca- 
nine to the posteriormost surface of M3. 
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Breadth across molars: Greatest breadth be- 
tween the outer margins of the crowns of 
the upper second molars. 

Length of lower molar row: Greatest length 
of the lower molar row measured from the 
anteriormost surface of m1 to the poster- 
iormost surface of m3. 


GAZETTEER 


The following gazetteer provides locality in- 
formation for all specimens of Centronycteris 
examined by us or reported in the literature. 
Collection localities are listed by country; italic 
type identifies subordinate political units (de- 
partments, states, provinces, etc.), and boldface 
identifies locality names as cited in the text and 
appendix. Latitude and longitude are given in 
parentheses, followed by supplementary infor- 
mation including museum catalog numbers 
(when known), sex of specimens, and the ear- 
liest published references to each specimen 
(when applicable). Locality numbers refer to 
figures 2 and 3. Specimens we examined are 
listed in the appendix. 

The following institutional abbreviations are 
used in this report: AMINH, American Muse- 
um of Natural History, New York, New York, 
USA; BMNH, British Museum of Natural 
History (= Natural History Museum, London), 
London, England; CM, Carnegie Museum, 
Pittsburgh, Pennsylvania, USA; FMNH, Field 
Museum of Natural History, Chicago, Illinois, 
USA; INPA, Instituto Nacional de Pesqiusas 
da Amazonia, Manaus, Brazil; KU, University 
of Kansas Museum of Natural History, Law- 
rence, Kansas, USA; LACM, Los Angeles 
County Museum of Natural History, Los An- 
geles, California, USA; LSU, Louisiana State 
University Museum of Zoology, Baton Rouge, 
Louisiana, USA; MCZ, Museum of Compar- 
ative Zoology, Harvard University, Cam- 
bridge, Massachusetts, USA; MEPN, Museo 
de la Escuela Politécnica Nacional, Quito, Ec- 
uador; MUSM, Museo de Historia Natural, 
Universidad Nacional Mayor de San Marcos, 
Lima, Peru; MVZ, Museum of Vertebrate Zo- 
ology, University of California, Berkeley, Cal- 
ifornia, USA: RMNH, Rijksmuseum van Na- 
tuurlijke Historie, Leiden, The Netherlands; 
ROM, Royal Ontario Museum, Toronto, Can- 
ada; TTU, Texas Tech University, Lubbock, 
Texas, USA; USNM, National Museum of 
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Natural History, Washington, D.C., USA; 
UWZM, University of Wisconsin Zoological 
Museum, Madison, Wisconsin, USA; ZMB, 
Zoologisches Museum der Humboldt Univer- 
sitaét zu Berlin, Berlin, Germany. 


MEXICO 


1. Veracruz, 35 km SE of Jesus Carranza 
(17°28’N/95°01'W), elevation 350 ft; KU 32088 
(female), reported by Dalquest et al. (1950) and 
skull illustrated by Hall (1981). 


BELIZE 


2. Orange Walk, Gallon Jug (17°56’N/ 
89°03’W); AMNH 269848 (female); and Chan 
Chich, near Gallon Jug (17°53’N/89°11'W); 
AMNH 269847 (female). 

3. Toledo, Double Falls (16°42'N/88°38'W); 
FMNH 63949 (female), reported by Sanborn 
(1941). 


GUATEMALA 


4. Escobas, Izabal (15°22'N/89°09'W), near 
San Tomas; FMNH 41558 (male), reported by 
Sanborn (1936). 


NICARAGUA 


5. Zelaya, 9.55 mi. NW Rama (13°22'N/ 
85°54’W); TTU 30670 (female), reported by 
Greenbaum and Jones (1978); and 9.0 mi. E 
Rama; TTU 13419 (female), reported by Baker 
and Jones (1975). 


COSTA RICA 


6. Alajuela, Vijagua (10°44’N/85°06’W), = La 
Bijagua, a small town on the Caribbean slope of 
Volcén Miravalles (Starrett and Casebeer, 1968); 
MCZ 7092 (female), reported by Allen and Bar- 
bour (1923) without locality data, later listed with 
misspelled locality name ‘“‘Viragua’”’ by Sanborn 
(1937). 

7. Heredia, La Selva (10°26'N/83°59’'W), vi- 
cinity of Puerto Viejo de Sarapiqui; KU 127971 
(female), reported by LaVal (1977). 

8. Puntarenas, Rincén de Oso (ca. 08°34'N/ 
83°31'W); elevation 0 m; LSU 9338; and Camp 
Seattle, Osa Productos Forestales, Rincén de Oso, 
35 m, two females deposited in the LACM (Star- 
rett and Casebeer, 1968); and near Headquarters 
of Osa Productos Forestales, Rincén de Oso, 10 
m, one female deposited in the LACM (Starrett 
and Casebeer, 1968). 


PANAMA 


9. Chirigqut, Bogava (08°31'N/82°40’W), = 
Bugaba, 250 m; BMNH 0.7.11.3 (male), holotype 
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of Centronycteris centralis, described by Thomas, 
1912. 

10. Colon, Barro Colorado Island (09°10’N/ 
79°50’W), USNM 304864 (male), 503827 (fe- 
male), and 535021 (male); and Bohio Peninsula 
(09°12’N/79°50'W), Gattin Lake, USNM 514956 
(female). 

11. Panama, Ft. Clayton (08°56'N/79°34'W), 
Concrete building #519; USNM 311571 (female), 
first reported by Handley (1966) but no specimen 
number given. 

12. Panama, 5 mi E of Gamboa (09°07'N/ 
79°42'W), MVZ 108943 (sex unknown). 

13. Darién, 4 mi. W of Cerro Mali (08°07’N/ 
77°14'W), on ridge, elevation 4750 ft; USNM 
339021 (female), first reported by Handley (1966) 
but no specimen number given. 


COLOMBIA 


14. Antioquia, La Tirana, 25 km S and 22 km 
W of Zaragoza (ca. 07°21'N/75°03'W); UWZM- 
NEP 291170-07 (male); collected by N. Peterson. 
15. Valle del Cauca, Rio Achicaya, 8 km W of 
Danubio (03°37'N/76°53'W), elevation 300 m; 
KU 135138 (female). 

~. Cordoba, Alto Ure (not located); FMNH 
98230 (female), reported by Lemke et al., 1982. 


ECUADOR 


16. Manabi, Mongoya (00°10’S/79°39'W); ele- 
vation 200 m; FMNH 53421 (female). 

17. Pichincha, Rio Toachi (00°08'N/79°18'W); 
MEPN E-55.3.1 (female), reported by Albuja 
(1982). 

18. Pastaza, Montalvo, Rio Bobonazo 
(02°04'S/76°58'W); elevation 250 m; FMNH 
41431 (female), reported by Sanborn, 1937; and 
Rio Copataza (02°07'S/77°27'W); MEPN E- 
39.4.1 (male), reported by Albuja (1982). 

19. Pastaza, Mera (01°28’S/78°08'’W); eleva- 
tion 1,160 m; USNM 548065 (male); and Mera, 
Rio Alpayacu (01°28'S/78°07'W); AMNH 63663 
(male), reported by Sanborn, 1937. 


PERU 


20. Junin, Chanchamayo (ca. 11°03’S/ 
75°19'W), elevation 1250 m; MUSM 1078 (fe- 
male). 

~. High plains of Peru (not located); purported 
source of a female specimen described by Peters 
(1872) as having been collected by Dr. Tacza- 
nowski; specimen mentioned by Thomas (1913) 
as being in the ZMB, but could not be located in 
1996. 


VENEZUELA 


21. Amazonas, Buena Vista (01°58'N/ 
66°42'W); left bank of Rio Casiquaire, elevation 
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@ Centronycteris centralis 


Fig. 2. Map of Central America showing collection localities for Centronycteris centralis. The sym- 
bol indicating the type locality is circled. Names and geographic coordinates of numbered localities are 


provided in the gazetteer. 


100 m (McCarthy and Ochoa, 1991); 45 km 
above confluence of Rio Casiquaire and Rio 
Guainia (Paynter, 1982); AMNH 74820 (male), 
reported by McCarthy and Ochoa (1991). 


GUYANA 


22. Potaro-Siparuni, Burro Burro’ River 
(04°44'N/58°51'W), 25 km WNW Kurupukari, 
KU 156014 (female); and Pakatau Falls 
(04°44'N/59°01'W), 42 km WNW Kurupukari, 
ROM 107081 (female) and ROM 107082 (fe- 
male). 


SURINAM 


23. Saramacca, Tibiti (05°33'N/55°54’W), sa- 
vanna forest; RMNH 12111 (female); reported 
and illustrated by Husson (1962). 

24. Marowijine, Oelemarie (03°06'N/54°31’W); 
CM 76749 (male); reported by Williams et al., 
1983. 


FRENCH GUIANA 


25. Cayenne, Paracou (05°23'N/52°57'W), near 
Sinnamary; AMNH 267397 (male). 


BRAZIL 


26. Amazonas, Santo Isadoro Tefé (03°22'S/ 
64°42'W), cited as Sitio Isado, near Teffé by San- 
born (1937); AMNH 78858 (male). 

27. Amazonas, Colosso (ca 02°25'S/59°52'W), 
82 km N Manaus (BDFFP Reserve), INPA 2495 
(female); Fazenda Dimona (ca _ 02°20’S/ 
60°07'W), 89 km N Manaus (BDFFP Reserve), 
INPA 2541 (female); Gavaio (ca 02°26’S/ 
59°50’W), 79 km N Manaus (BDFFP Reserve), 
INPA 2502 (female); ZF-2 Tower (ca 02°28’S/ 
60°07’W), 78 km N Manaus (Apoio Forestry Re- 
search Station), field number NRR 128 (male); 
deposited in the Instituto de Biologia da Univer- 
sidade de Federal Rural do Rio de Janeiro; re- 
ported by Reis and Peracchi (1987). 

28. Pard, Belém (01°27'S/48°29/prW); cited as 
Para, Utinga by Thomas (1913); BMNH 12.11.4.3 
(female). 

29. Pernambuco, Recife (08°03’S/34°54'W); 
BMNH 44.6.9.9 (sex unknown). 

30. Espirito Santo, Rio Jucu (20°24’S/ 
40°19’W), near Rio de Espirito Santo, Fazenda 
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® Centronycteris centralis 


4 Centronycteris maximiliani 


Map of South America showing collection localities for Centronycteris centralis and C. 


maximiliani. The symbol indicating the type locality for maximiliani is circled. Names and geographic 
coordinates of numbered localities are provided in the gazetteer. 


Coroaba; ZMB 54654 (sex unknown), holotype of 
Vespertilio calcarata. 


SYSTEMATICS 
FAMILY EMBALLONURIDAE 


Genus Centronycteris Gray 


Vespertilio: Schinz, 1821: 180 (part). 

Proboscidea: Gray, 1838: 499 (part). 

Centronycteris Gray, 1838: 499 (subgenus of Pro- 
boscidea). 

Emballonura: Temminck, 1841: 299 (part). 

Centronycteris: Gray, 1843: 23 (raised to generic 
rank). 

Saccopteryx: Dobson, 1878: 371 (part). 

Centronycteris: Dobson, 1878: 371 (subgenus of 
Saccopteryx). 


TyPE Species: Gray (1838) designated 


Proboscidea calcarata (Schinz, 1821) as the 
type species of Centronycteris. This species 
is now known as Centronycteris maximiliani 
(see below). 

DIAGNOSIS: Dorsal fur bicolored with dark 
gray-brown bases and paler brown to brown- 
ish-orange tips, no sharp division between 
colors; venter somewhat paler than dorsum; 
ventral fur bicolored with fuscous bases and 
paler brown tips, colors sharply divided; no 
dorsal stripes; dorsal fur extends onto uro- 
patagium to approximately the level of knees 
and halfway along tail; ventral fur extends 
onto uropatagium as a small patch at base of 
tail; ventral uropatagium with parallel rows 
of short, bristle-like hairs; no uropatagial 
sacs; wing membranes and uropatagium dark 
brown or fuscous; no wing sacs; forearm and 
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propatagium virtually naked; calcar slightly 
longer than tibia, approximately 2.5 times 
length of foot; posterior edge of wing mem- 
brane attaches to side of foot at level of me- 
tacarpophalangeal joints (base of toes); nos- 
trils tubular with circular external openings; 
no sharp angle between rostrum and brain- 
case; anterior root of zygoma little expanded; 
maxilla does not form lateral shelf above 
tooth row; sagittal crest moderately well de- 
veloped in both sexes; premaxillae well de- 
veloped dorsally with platelike expansions 
that overlap anterior maxillaries; posterior 
border of hard palate v-shaped; basisphenoid 
pits deep and separated by a median septum; 
dental formula I 1/3, C 1/1, P 2/2, M 3/3; 
small anterior upper premolar with distinct 
anterior and posterior cusps. 

MORPHOLOGICAL COMPARISONS WITH OTH- 
ER NEOTROPICAL EMBALLONURIDS: Indepen- 
dent studies of allozymes (Robbins and Sar- 
ich, 1988) and morphology of the hyoid ap- 
paratus (Gniffiths and Smith, 1991) have 
strongly supported monophyly of Neotropi- 
cal Emballonuridae relative to Old World 
members of the family. Accordingly, we 
compare Centronycteris only with other Neo- 
tropical genera. 

The dorsal fur in Centronycteris is bicol- 
ored with dark gray-brown bases that blend 
gradually into paler brown or brownish-or- 
ange tips. The ventral fur is slightly paler and 
more sharply bicolored, with fuscous bases 
and paler brown tips. This combination of 
color and banding pattern is seen among oth- 
er Neotropical emballonurids only in Sac- 
copteryx canescens, which has a frosted ap- 
pearance not found in Centronycteris. Dorsal 
stripes are absent in Centronycteris as they 
are in most Neotropical emballonurids. A 
pair of white or cream-colored dorsal stripes 
are present only in Rhynchonycteris and Sac- 
copteryx (very faint in S. gymnura). 

Fur extends beyond the body onto both 
surfaces of the uropatagium in Centronycter- 
is. The fur on the dorsal surface extends to 
about the level of the knees and halfway 
along the tail. Fur on the ventral surface is 
confined to a small patch at the base of the 
tail. Rows of short, bristle-like hairs cover 
the remaining uropatagium distal to the ven- 
tral fur patch. This pattern of fur on the uro- 
patagium is similar to that seen in other Neo- 
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tropical emballonurids with the exception of 
Cyttarops and Diclidurus (both of which 
have more fur on the ventral uropatagium 
and lack the bristle-like hairs), Balantiopte- 
ryx plicata (which has more fur on the ven- 
tral uropatagium), and Saccopteryx leptura 
and Cormura (which have only sparse fur on 
the dorsal uropatagium). 

The forearm in Centronycteris is naked 
except for a few widely scattered fine hairs. 
This is similar to the condition seen in Per- 
opteryx, Cormura, Saccopteryx bilineata, S. 
leptura, Balantiopteryx io, Diclidurus ingens, 
and Cyttarops. The forearm of the remaining 
Neotropical emballonurids is covered with a 
thin coat of fur. 

The propatagium is naked in Centronyc- 
teris as it is in Balantiopteryx, Saccopteryx, 
Peropteryx, and Cormura. In contrast, the 
propatagium is densely furred in Rhynchon- 
ycteris, Cyttarops, and Diclidurus. Propata- 
gial wing sacs are present in many Neotrop- 
ical emballonurids including all members of 
Balantiopteryx, Saccopteryx, Cormura, and 
Peropteryx. Wing sacs are absent in Cen- 
tronycteris, Rhynchonycteris, Cyttarops, and 
Diclidurus. Uropatagial sacs are present only 
in Diclidurus. 

The wing membranes in Centronycteris 
are dark, varying between brown and fuscous 
depending on preparation type and preser- 
vation. This color pattern is also seen in Per- 
opteryx (except P. leucoptera). Rhynchon- 
ycteris, Balantiopteryx, Saccopteryx, Cor- 
mura, and Cyttarops have dark wing mem- 
branes that are blackish rather than fuscous. 
In contrast, the wing membranes are trans- 
parent pale gray in Peropteryx leucoptera. 
Diclidurus isabellus has pale brown wing 
membranes, and the remaining species of Di- 
clidurus have transparent yellowish mem- 
branes. 

Relative length of the calcar (compared 
with length of the hind foot) varies enor- 
mously among Neotropical emballonurids. 
The calcar in Centronycteris is approximate- 
ly 2.5 times the length of the hind foot (fig. 
1). A similarly long calcar is seen in Rhyn- 
chonycteris, Cyttarops, and most species of 
Peropteryx and Diclidurus. In contrast, the 
calcar is less than or equal to twice the length 
of the hind foot in Balantiopteryx, Saccop- 
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teryx, Cormura, Peropteryx kappleri, and Di- 
clidurus isabellus. 

The site of attachment of the posterior 
edge of the wing membrane to the hindlimb 
varies widely among emballonurid genera 
and species (for an illustration see Husson, 
1962: fig 2, or 1978: fig. 9). In Centronyc- 
teris the edge of wing membrane attaches to 
the side of the foot at the level of metacarpal- 
phalangeal joint (fig. 1). This unusually distal 
attachment is unique among Neotropical em- 
ballonurids. The posterior edge of the wing 
membrane attaches near the midpoint of the 
metatarsus in Cormura, Peropteryx kappleri, 
Saccopteryx gymnura, Diclidurus, and Cyt- 
tarops. The wing membrane attaches at the 
base of the metatarsus or at the ankle (diffi- 
cult to distinguish due to elasticity of the 
skin) in Rhynchonycteris, Peropteryx leucop- 
tera, P. macrotis, P. trinitatus, Saccopteryx 
leptura, and S. bilineata. The posterior edge 
of the wing membrane attaches on the tibia 
well proximal to the ankle in Balantiopteryx. 

The nostrils in Centronycteris are tubular 
with circular external openings. This ar- 
rangement is similar to that seen in Perop- 
teryx leucoptera, Saccopteryx gymnura, and 
Rhynchonycteris. The nostrils are somewhat 
less tubelike in Balantiopteryx, the remaining 
species of Saccopteryx, and Cormura, and 
they are not tubular in Diclidurus, Cyttarops, 
and the remaining species of Peropteryx. The 
external openings of the nostrils are long and 
flat rather than circular in the latter two taxa. 

The skull of Centronycteris (figs. 4, 5) has 
an expanded lacrimal region similar to that 
seen in other Neotropical emballonurids. 
There is no sharp break in slope between the 
rostrum and braincase in Centronycteris, 
Rhynchonycteris, Cormura, and Saccopteryx. 
In contrast, there is a sharp break in slope 
between the dorsal surface of the rostrum and 
the plane of the forehead in Peropteryx, Bal- 
antiopteryx, Cyttarops, and Diclidurus. 

The anterior root of the zygomatic arch in 
Centronycteris is not expanded laterally and 
the maxilla does not extend laterally beyond 
the edges of the toothrow. The zygomatic 
arches are slender and easily damaged in mu- 
seum specimens. In these respects Centron- 
ycteris resembles Rhynchonycteris, which 
also has slender zygomatic arches with little 
expansion of the anterior root. In contrast, in 
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Saccopteryx, Cormura, Peropteryx, and Bal- 
antiopteryx the zygomatic arch is more ro- 
bust, the anterior portion of each arch is ex- 
panded, and the maxilla forms a shelf that 
extends laterally well beyond the edges of 
the tooth row. Cyttarops and Diclidurus have 
relatively robust zygomatic arches, but lack 
any lateral expansion of the anterior root or 
maxilla. 

Both sexes of Centronycteris have a mod- 
erately well-developed sagittal crest, as do 
most other Neotropical emballonurids. Rhyn- 
chonycteris is the only taxon that consistent- 
ly lacks a sagittal crest in adults. 

The premaxilla in Centronycteris is well 
developed dorsally and has a platelike ex- 
pansion that overlaps the maxilla near the na- 
sal aperture. A similar condition is seen in 
Rhynchonycteris, Saccopteryx, Cormura, and 
Peropteryx. The premaxilla lacks a platelike 
dorsal expansion in Balantiopteryx, Cyttar- 
ops, and Diclidurus. 

The posterior border of the palate is v- 
shaped in Centronycteris as it is in Rhyn- 
chonycteris, Saccopteryx, and Cormura. In 
contrast, the posterior border of the palate is 
u-shaped or w-shaped in all other Neotropi- 
cal emballonurids. 

The basisphenoid pits in Centronycteris 
are deep and always separated by a thin me- 
dian septum. Most other Neotropical embal- 
lonurids also have deep basisphenoid pits; 
the only exceptions are Cyttarops and Rhyn- 
chonycteris, which have very shallow pits 
that are little more than depressions. A me- 
dian septum is always present in Diclidurus 
and most species of Saccopteryx, and is vari- 
ably present (entirely absent in some individ- 
uals) in Cormura, Balantiopteryx io and Sac- 
copteryx canescens. A septum is apparently 
always absent in Rhynchonycteris, Peropte- 
ryx, Balantiopteryx plicata, and B. infusca. 
A low ridge separates the shallow basisphe- 
noid pits in Cyttarops. 

All Neotropical emballonurids share the 
same dental formula: I 1/3, C 1/1, P 2/2, M 
3/3 = 32. The only tooth that exhibits sig- 
nificant variation is the anterior upper pre- 
molar, often identified as P2 (Miller, 1907; 
Slaughter, 1970) but probably homologous 
with Pl of other mammals (Thomas, 1908; 
Handley, 1959). In Rhynchonycteris this 
tooth is relatively large, triangular in lateral 
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Fig. 4. Dorsal (A) and ventral (B) views of the skull of Centronycteris maximiliani (AMNH 267397; 
male). Dorsal (C) and ventral (D) views of the skull of Centronycteris centralis (LSU 9338; male). 
Scale bars = 5 mm. 
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Fig. 5. Lateral views of the skull and lower jaw of (A) Centronycteris maximiliani (AMNH 267397, 
male) and (B) Centronycteris centralis (LSU 9338; male). Scale bars = 5 mm. 


view, and has small anterior and posterior 
cingular cusps but no lingual cingulum. It is 
smaller in Centronycteris, Cormura, Cyttar- 
ops, and Diclidurus, but retains distinct an- 
terior and posterior cusps, both of which are 


located on the margin of a well-developed 
lingual cingulum. Pl is a tiny, featureless 
spicule in Balantiopteryx, Saccopteryx, and 
Peropteryx. Otherwise, apart from size, den- 
tal differences between taxa are minimal. 
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Centronycteris maximiliani Fischer 


Vespertilio calcaratus Schinz, 1821: 180 (not 
Vespertilio calcaratus Rafinesque, 1818). 

Vespertilio maximiliani Fischer, 1829: 112-113 
(replacement name for Vespertilio calcaratus 
Schinz, 1821, which is preoccupied). 

Emballonura calcarata: Temminck, 1841: 299 
(new combination). 

Proboscidea calcarata: Gray, 1838: 499 (new 
combination). 

Centronycteris calcarata: Gervais, 1856: 69 (new 
combination). 

Saccopteryx calcarata: Dobson, 1878: 376 (new 
combination). 

Saccopteryx wiedi Palmer, 1898: 110 (replace- 
ment name for Vespertilio calcaratus Schinz, 
1821). 

Centronycteris wiedi: Trouessart, 1904: 98 (new 
combination). 

Centronycteris maximiliani: Miller, 1907: 91 (New 
combination). 


TYPE MATERIAL: Carter and Dolan (1978: 
21) identified and described the holotype of 
Vespertilio calcaratus as follows: 


ZMB (not numbered): adult of undetermined sex; 
in alcohol; Brazil [Fazenda Coroaba, Rio Juct, near 
Rio do Espirito Santo (Wied-Neuwied, 1826: 271)]; 
Maximilian, Prinz zu Wied-Neuwied; date of capture 
not specified. Holotype or syntype. 

Skin. — Condition poor, originally a mounted skin. 
Ears relatively long and rather pointed. 

Skull. — Partial skull, now in alcohol. 

Remarks. — The specimen was collected by Wied- 
Neuwied and must be one of those on which the name 
V. calcaratus was based. 


This is presumably the same specimen de- 
scribed by Schinz (1821), Wied-Neuwied 
(1826), and Peters (1867). There is no evi- 
dence that Schinz (1821) based his descrip- 
tion on more than one specimen, and in view 
of the rarity of this animal more than one is 
unlikely, so we accept this as the holotype 
rather than a syntype. Measurements of this 
specimen provided by Peters (1867, 1872) 
and Carter and Dolan (1978) are given in ta- 
ble 1. 

At our request, Robert Voss examined this 
specimen in November 1996 at the Zoolo- 
gisches Museum der Humboldt Universitat 
zu Berlin. He found that this specimen had 
been cataloged since Carter and Dolan’s 
(1978) publication, and is now labeled ZMB 
54654. Voss (personal commun.) found the 
skin, floating in alcohol, to be in poor con- 
dition, but with one forearm still intact. He 


NO. 3239 


measured the forearm according to our in- 
structions and found it to be 45.5 mm in 
length, not 44.5 mm as reported by Peters 
(1867), or 46.2 mm as reported by Carter and 
Dolan (1978). 

Voss (personal commun.) noted that the 
remains of the skull of ZMB 54654 consist 
of a large piece of the palate bearing the in- 
complete left maxillary dentition, a bit of the 
right maxilla with several teeth, and a few 
isolated maxillary teeth. The rostrum, brain- 
case, and basicranial region are missing. 
Both mandibles are present and are still 
joined at the symphysis but they are broken 
off behind the last molars and the ascending 
rami are missing. The mandibular tooth rows 
are intact, but they are imbedded in dried tis- 
sue and thus could not be accurately mea- 
sured. 

DISTRIBUTION: Southern Venezuela, Suri- 
nam, French Guiana, northern Brazil along 
the Amazon River, and eastern and south- 
eastern Brazil (fig. 3). 

DIAGNOSIS: Rostrum with dorsolateral 
swelling at base of postorbital process, swell- 
ings visible in both dorsal and lateral view; 
nasals strongly constricted anteriorly be- 
tween medially expanded maxillae and ter- 
minating at level of anterior borders of or- 
bits; basisphenoid pits large, extending an- 
teriorly between the pterygoid processes, 
each pit divided by a lateral septum into sub- 
equal anterior and posterior cells; posterolat- 
eral border of palate smoothly curved, not 
notched; ectotympanic with angular “‘cor- 
ner’? on posteromedial margin; upper canines 
somewhat procumbent; P1 small, anteropos- 
terior crown length less that one-fourth of the 
length of P4; diastema between P1 and P4 
large, length greater than or equal to the 
crown length of P1; mandible robust, depth 
of ramus at p4/m1 juncture approximately 
equal to height of p4; anterior border of as- 
cending ramus of coronoid process rises in a 
gentle curve from immediately behind m3. 

COMPARISONS: We are unaware of any ex- 
ternal features other than minor size differ- 
ences that consistently distinguish Centron- 
ycteris maximiliani from C. centralis. Pelage 
differences may exist, but most specimens of 
C. maximiliani have been preserved in al- 
cohol, thus precluding precise color compar- 
isons. One dry skin of C. maximiliani 
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TABLE 1 
Measurements of Holotypes of Centronycteris 


Vespertilio calcaratus 


ZMB 54654 
(= Centronycteris maximiliani) 
adult; sex unknown 


Peters 


Total length 75.0¢ —_ 
Tail length 15.0 — 
Hind foot length 75 = 
Ear length — 15.0 
Forearm length 44.5 46.2 
Tibia length — — 
Calcar length 18.0¢ —_— 


Skull length? — — 
Basisphenoid pit length — — 
Postorbital breadth — — 
Lacrimal breadth a — 
Zygomatic breadth = — 
Maxillary toothrow length — — 
Breadth across molars — — 


Carter and 
(1867, 1872) Dolan (1978) This study 


Centronycteris centralis 
BMNH 0.7.11.3 


adult male 

Thomas Carter and 

(1912) Dolan (1978) This study? 
— 70.0 — {60.0} 
— 18.0 — [20.0] 
— — — 8.0 
—_ — — 15.0 
45.5 45.0 44.8 44.7 
— — 20.4 19.6 
— — — 19.2 
— 15.0 — — 
— 1.8 — 1.88 
jt — 3.1 3.06 
— — — 5.85 
— 10.0 — — 
— 6.1 6.0 5.93 
— 6.6 6.6 6.63 


«Specimen measured by R. Voss at our request; see text for additional discussion. 
» External measurements given here were recorded by one of us (COH) in 1967. The craniodental measurements 
were taken by A. Ditchfield in 1997 following a protocol provided by us; see text for a description of measurement 


methods. 


‘Peters (1867) reported a measurement of 95.0 mm for total length and 31.0 mm for calcar length based on 
examination of the dried holotype. He subsequently soaked this specimen in an alum solution, remeasured it, and 


reported revised measurements (given here) in 1872. 


4 This measurement, which was reported by Thomas (1912), is probably equivalent to maximum skull length as 
measured from the most posterior point on the skull to the most anterior point on the skull. It is not clear whether 
this included or excluded the premaxillae and incisors, which are often missing in museum specimens of emballon- 


urids. 


(BMNH 44.6.9.9) has somewhat darker 
brown fur than typical of C. centralis; how- 
ever, significance of this difference remains 
unclear in the absence of additional speci- 
mens. 

Measurements (table 2) show at least some 
overlap between Centronycteris maximiliani 
and C. centralis in most external and cranio- 
dental dimensions. When males and females 
are considered separately, mean values for C. 
maximiliani are typically smaller than those 
of C. centralis (table 2). Small sample sizes 
for C. maximiliani make meaningful com- 
parisons difficult, but our data indicate non- 
overlapping differences between C. maximi- 
liani and C. centralis in forearm length 
(males only), length of the maxillary tooth- 
row (males only), zygomatic breadth (males 
only), and length of the basisphenoid pits 


(both sexes; table 2). Of these, the only clear 
difference between the species (which we 
would expect to be consistently maintained 
in both sexes even with large sample sizes) 
is in the length of the basisphenoid pits. This 
measurement reflects a major morphological 
difference between C. maximiliani and C. 
centralis (see below). 

Several craniodental differences clearly 
distinguish C. maximiliani and C. centralis. 
The most obvious of these, originally de- 
scribed by Thomas (1912, 1913), involves 
the size and extent of the basisphenoid pits. 
These pits are large and extend anteriorly be- 
tween the pterygoid processes in C. maxi- 
miliani (fig. 4B). In contrast, the basisphe- 
noid pits are shorter (table 2) and do not ex- 
tend anteriorly between the pterygoid pro- 
cesses in C. centralis (fig. 4D). The principal 
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difference between these conditions seems to 
involve relatively greater development of the 
anterior section of each pit in C. maximiliani. 
In this species, a low septum extends later- 
ally and somewhat posteriorly across the 
middle of each pit to a point near the anter- 
omedial corner of the ectotympanic. This 
septum is also visible in C. centralis, but it 
extends only a short distance into the pit 
from the lateral wall. The posterior portion 
of each basisphenoid pit (delineated anteri- 
orly and laterally by the lateral septum and 
the lateral border of the pits, medially by the 
median septum, and posteriorly by the pos- 
terior border of the pits) is approximately the 
same size in C. maximiliani and C. centralis. 
In contrast, the anterior portions (which lie 
anterior and lateral to the lateral septum) are 
of contrasting sizes in these taxa. The ante- 
rior portion of each basisphenoid pit 1s rela- 
tively large (subequal to the posterior por- 
tion) in C. maximiliani (fig. 4B), while it is 
very small (less than or equal to one-sixth of 
the area of the posterior portion) in C. cen- 
tralis (fig. 4D). 

The functional implications of differences 
in structure of the basisphenoid pits remain 
unclear. The basisphenoid pits in Centro- 
nycteris and other emballonurids partially en- 
close epithelium-lined air spaces that open 
ventrally into the nasopharynx, dorsal to the 
epiglottis (IT. Griffiths, personal commun.). 
These air spaces may function in some way 
to modify vocalizations, perhaps including 
those used for echolocation. However, this 
has never been investigated experimentally, 
so the function(s) of these airspaces—and the 
reasons why they vary—remain unknown. 

The posterolateral border of the palate is 
smoothly curved in C. maximiliani (fig. 4B). 
In contrast, a distinct notch is present in the 
posterolateral border of the palate in C. cen- 
tralis (fig. 4D). The posteromedial outline of 
the ectotympanic bulla also differs in C. 
maximiliani and C. centralis. The ectotym- 
panic forms an angular “‘corner’’ postero- 
medially in C. maximiliani (fig. 4B). In con- 
trast, in C. centralis the medial margin 
curves more evenly into the posterior border 
and the ectotympanic lacks an angular pos- 
teromedial corner (fig. 4D). 

In lateral view the rostrum in C. centralis 
tapers smoothly from forehead to external 
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nares with no noticeable break in slope (fig. 
5B). In contrast, a dorsolateral swelling is 
present in the maxilla near the base of the 
postorbital process in C. maximiliani (fig. 
5A). While this swelling is not large, it is 
obvious in lateral view because it protrudes 
above the otherwise flat rostral profile. An- 
other difference between the species is readi- 
ly apparent in dorsal views of the skulls (fig. 
4). In C. maximiliani the nasals are strongly 
constricted anteriorly between medially ex- 
panded maxillae, and they terminate at the 
level of anterior borders of the orbits (fig. 
4A). In contrast, the nasals in C. centralis are 
not constricted between the maxillae and 
they extend somewhat further anteriorly (fig. 
AC). 

Dental differences between C. maximiliani 
and C. centralis are found principally in the 
anterior dentition (figs. 4-6). The upper ca- 
nines are more procumbent in C. maximiliani 
than in C. centralis (fig. 5). Pl in C. maxi- 
miliani is a tiny tooth with a maximum 
crown length that is less than one-fourth the 
length of P4 (fig. 6A). In contrast, crown 
length of Pl is greater than one-fourth (usu- 
ally approximately one-third) the length of 
P4 in C. centralis. Consequently, Pl in C. 
centralis appears almost twice as large its ho- 
molog in C. maximiliani (fig. 6B). Largely 
as a result, the diastema between Pl and P4 
is large in C. maximiliani (equal to or longer 
than the crown length of Pl), while it is 
small in C. centralis (less than half the length 
of P1). 

The mandible of C. maximiliani is robust, 
with depth of the ramus at the p4/m1 junc- 
ture approximately equal to the height of p4 
(fig. SA). The ramus is less robust in C. cen- 
tralis, with depth of the ramus equal to ap- 
proximately two-thirds the height of p4 (fig. 
5B). The anterior border of the ascending ra- 
mus of the coronoid process rises in a gentle 
curve from immediately behind m3 in C. 
maximiliani. In contrast, in C. centralis there 
is a gap between m3 and the anterior border 
of the ascending ramus, which rises at a 
steeper angle from the body of the mandible. 

INTRASPECIFIC VARIATION: Only a few 
specimens of Centronycteris maximiliani are 
known, so it is difficult to assess within-spe- 
cies variation in this taxon. However, we 
have noted some differences between speci- 
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Fig. 6. Close-up occlusal views of the upper right dentition of (A) Centronycteris maximiliani 


(AMNH 267397; male) and (B) Centronycteris centralis (LSU 9338; male). Occlusal views of the lower 
left dentition (C) Centronycteris maximiliani (AMNH 267397) and (D) Centronycteris centralis (LSU 
9338) are shown below. Scale bars = 2 mm. 
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mens. One of the only females in our sample 
(INPA 2495) has a somewhat larger, more 
robust braincase and a stronger sagittal crest 
than does the male illustrated in figures 4 and 
5 (AMNH 267397). P1 is absent and there is 
no alveolus on one side in INPA 2495; the 
tooth on the other side is essentially identical 
to that of AMNH 267397. The anterolabial 
basal cusp on M1 is relatively large in INPA 
2495, but is smaller in AMNH 267397. In 
the lower dentition, pl is crowded between 
the canine and p4 in AMNH 267397. As a 
result, pl has an oblique orientation relative 
to the long axis of the mandible. In contrast, 
the anterior toothrow is less crowded and p1 
is oriented parallel to the long axis of the 
mandible in INPA 2495. It is not clear 
whether these differences are related to age, 
sex, or simply individual variation; we inter- 
pret them as representing normal intraspecif- 
ic variation of the sort that is common in 
bats. 

DISCUSSION: The damaged condition of the 
holotype (ZMB 54654, described above) 
raises an important issue not yet addressed: 
the nature of the evidence that links speci- 
mens we have identified as Centronycteris 
maximiliani with the holotype. Unfortunate- 
ly, this evidence is sparse. The basicranial 
region and much of the palate of the holotype 
have been destroyed, so the form of basi- 
sphenoid pits and shape of the lateral edges 
of the posterior palate cannot be observed. 
Breakage, loss of teeth, and presence of dried 
tissue obscuring many of the remaining teeth 
in ZMB 54654 currently preclude meaning- 
ful comparisons and craniodental measure- 
ments. We assume that our specimens from 
the Guianas and central and eastern Brazil 
are conspecific with the holotype of C. max- 
imiliani (from southeastern Brazil) principal- 
ly because of geographic proximity of col- 
lecting localities, rather than the presence of 
known shared diagnostic characters. In this 
we follow Thomas (1912, 1913: 133), who 
assumed that a specimen from Para (BMNH 
12.11.4.3) was an “example of the typical 
Brazilian C. maximiliani (Vespertilio calcar- 
ata, Wied, nec Raf; C. wiedi Palmer).”’ Fu- 
ture studies of the damaged holotype of C. 
maximiliani may ultimately reveal diagnostic 
characters missed in previous examinations 
of this specimen. 
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Centronycteris centralis Thomas 


Centronycteris centralis Thomas, 1912: 638. 
Centronycteris maximiliani centralis: Sanborn, 
1936: 94. 


TYPE MATERIAL: The holotype of C. cen- 
tralis is BMNH 0.7.11.3, an adult male pre- 
served as a dry skin and skull. It was col- 
lected by H. J. Watson on 20 October 1898 
at Bogava, Chiriqui. The skin is moderately 
well preserved but the forearms are broken. 
The skull is badly damaged and is missing 
the occiput, zygomatic arches, and postorbi- 
tal processes. Both mandibles are also bro- 
ken. 

DISTRIBUTION: Southern Mexico to Ecua- 
dor on the west side of the Andes, and to 
west-central Peru on the east side of the An- 
des. 

DIAGNOsIS: Rostrum without dorsolateral 
swelling at base of postorbital process, ros- 
tral profile tapers smoothly from forehead to 
external nares without a noticeable break in 
slope when seen in lateral view; nasals not 
constricted anteriorly between maxillae, na- 
sals extend anteriorly slightly beyond ante- 
rior edges of orbits; basisphenoid pits rela- 
tively short, not extending anteriorly between 
the pterygoid processes and not divided by a 
lateral septum into subequal anterior and 
posterior cells; posterolateral border of palate 
notched; medial and posterior margins of ec- 
totympanic merge in a gentle convex curve 
with no angular posteromedial ‘“‘corner;’’ up- 
per canines not procumbent; anteroposterior 
crown length of Pl greater than one-fourth 
(usually approximately one-third) the length 
of P4, diastema between P1 and P4 small, 
less than half the crown length of Pl; man- 
dible gracile, depth of ramus at p4/m1 junc- 
ture approximately equal to two-thirds of the 
height of p4; gap present between m3 and 
anterior border ascending ramus, which rises 
at a steep angle from body of mandible. 

COMPARISONS: See discussion under C. 
maximiliani. A summary of characters distin- 
guishing C. centralis from C. maximiliani is 
given in table 3. 

INTRASPECIFIC VARIATION: Numerous spec- 
imens of C. centralis have been prepared as 
dry skins with skulls, so pelage and cranio- 
dental comparisons are possible within this 
species. Most specimens have dorsal fur that 
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TABLE 3 
Characters Distinguishing Centronycteris maximiliani and C. centralis 


Centronycteris maximiliani 


Rostrum with dorsolateral swelling at base of postorbital 
process 

Nasals strongly constricted anteriorly between medially 
expanded maxillae, terminate at level of anterior borders 
of orbits 

Basisphenoid pits large, extending anteriorly between 
pterygoid processes, each pit divided by a lateral septum 
into subequal anterior and posterior cells 

Posterolateral border of palate smoothly curved, not 
notched 

Ectotympanic with angular “corner”? on posteromedial 
margin 

Upper canines somewhat procumbent 

P1 small, maximum crown length less than one-fourth that 
of P4; diastema between P1 and P4 large, diastema length 
equal to or greater than the crown length of P1 


Mandible robust, depth of ramus at p4/m1 juncture ap- 
proximately equal to height of p4 

Ascending ramus of coronoid process rises in gentle curve 
from immediately behind m3 


is dull brown with hints of orange (fig. 7). 
Some individuals are less orange and more 
gray-brown, but these differences are rela- 
tively minor and are difficult to detect unless 
comparative specimens are in hand. 

The most noticeable within-species varia- 
tion in C. centralis involves size. Individuals 
from Peru and Ecuador are larger than most 
specimens from Central America. For ex- 
ample, in our sample the only male from Ec- 
uador with an intact forearm (USNM 
548065) has a forearm measurement of 49.0 
mm, compared with 42.0—45.8 mm. for male 
specimens from Colombia and Central 
America (n = 5). Another male from Ecua- 
dor (AMNH 63663) has a maxillary tooth- 
row length of 6.56 mm, compared with 5.68— 
6.28 mm in Colombian and Central Ameri- 
can males (n = 5). However, the pattern is 
not so clear in females, of which we have a 
larger sample. Those from Peru and Ecuador 
are large (forearm 46.4—48.1 mm, maxillary 
toothrow 6.11-6.53 mm, n = 3), but not 
markedly larger than specimens from Colom- 
bia (forearm 45.9 mm), Panama (forearm 


Centronycteris centralis 


Rostrum without dorsolateral swelling at base of postor- 
bital process 


Nasals not constricted anteriorly, extend beyond anterior 
borders of orbits 


Basisphenoid pits small, not extending anteriorly between 
the pterygoid processes and not divided by lateral septa 
into subequal anterior and posterior cells 


Posterolateral border of palate notched 
Ectotympanic without angular posteromedial ‘“‘corner”’ 


Upper canines not procumbent 

Maximum crown length of Pl greater than one-fourth 
(usually approximately one-third) that of P4; diastema be- 
tween Pl and P4 small, length less than one-half the 
crown length of P1 

Mandible gracile, depth of ramus at p4/m1 juncture ap- 
proximately equal to two-thirds of the height of p4 

Gap present between m3 and anterior border of ascending 
ramus of coronoid process, ascending ramus rises at steep 
angle from body of mandible 


45.6—47.7 mm, maxillary toothrow 6.14— 
6.23 mm, n = 3), Belize (forearm 46.0—47.6 
mm, n = 2) and Mexico (forearm = 47.9 
mm, maxillary toothrow 6.15 mm). The 
smallest female in our sample is from Nica- 
ragua (TTU 30670), which falls between col- 
lection localities of larger individuals. We 
compared the largest and smallest individuals 
of each sex, but did not find any consistent 
correlation between morphological variation 
and geography. Given these findings, the ab- 
sence of other consistent variation, and the 
relatively small sample size available, we see 
no justification for recognizing subspecies at 
the present time. 

We encountered one anomalous specimen 
during our study: KU 135138, a juvenile fe- 
male from the Pacific coast of Colombia that 
exhibits a mosaic of character states not en- 
tirely consistent with the diagnoses of either 
C. centralis or C. maximiliani. This specimen 
consists of a relatively well-preserved fluid 
body (with skin) and a cleaned skull. Mea- 
surements are as follows: hind foot length (in 
alcohol), 7.0 mm; forearm, 42.3 mm; con- 
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Fig. 7. Photograph of Centronycteris centralis taken by M. B. Fenton. This nonreproductive female 
(7.0 g; forearm 41.0 mm) was captured in a mist net on 17 February 1998 at the Cana Palma Biological 
Station, Tortuguero, Costa Rica. The capture site was on a narrow trail through secondary growth 
approximately 20 m from a cleared field next to the ocean. The bat was flying approximately 3 m above 
the ground at the time of her capture at 18:05 h. She was released after this photograph was taken. 


dylocanine length, 13.32 mm; basisphenoid 
pit length, 2.19 mm; interorbital breadth, 
3.05 mm; zygomatic breadth, 8.25 mm; max- 
illary toothrow length, 5.85 mm; breadth 
across molars, 6.09 mm; and length of lower 
molar row, 3.70 mm. The geographic loca- 
tion of the collection locality and the small 
size of the basisphenoid pits (which do not 
extend anteriorly between the pterygoids) 
lead us to tentatively identify this specimen 
as C. centralis. However, some morphologi- 


cal features are not consistent with this iden- 
tification. The forearm measurement of this 
specimen (42.3 mm) is smaller than found in 
any adult female C. centralis (42.9-—48.1 
mm; table 2), and is much smaller than seen 
in any of the South American specimens that 
we examined (45.9-—48.1 mm). This differ- 
ence may be due to age, as some of the 
epiphyses in KU 135138 are not yet closed. 
However, other measurements of this speci- 
men are also unusually small, including some 
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that should not be affected by further onto- 
genetic changes (e.g., length of the lower 
molar row). Pl is very small and lateral edge 
of the posterior palate lacks a notch in KU 
135138, more closely resembling the condi- 
tion in C. maximiliani than that of C. cen- 
tralis. It is possible that the mosaic of fea- 
tures seen in this specimen is diagnostic of 
an unrecognized third species of Centronyc- 
teris. However, testing this hypothesis will 
require additional specimens not available at 
present, and/or application of molecular sys- 
tematic methods beyond the scope of the cur- 
rent study. 

DISCUSSION: So few specimens of Centro- 
nycteris are known that it is probable that the 
geographic ranges of both species are larger 
than indicated in figures 2 and 3. Although 
C. centralis and C. maximiliani have never 
been collected in sympatry, no known bio- 
geographic barriers separate these taxa. We 
would not be surprised to find the two spe- 
cies in sympatry in the Amazon basin (e.g., 
in northeastern Peru) or in the evergreen for- 
ests of Venezuela. It is hoped that continued 
collecting will lead to future improvements 
in our knowledge of both geographic distri- 
bution patterns and morphological variation 
in Centronycteris. 


PHYLOGENETIC RELATIONSHIPS 


Monophyly of Centronycteris (including 
C. maximiliani and C. centralis) is suggested 
by the suite of characters discussed previ- 
ously under the generic account for Centron- 
ycteris. This mosaic of characters includes at 
least one unambiguous synapomorphy shared 
by both species: attachment of the edge of 
wing membrane to the side of the foot at the 
level of metacarpal-phalangeal joint. This de- 
rived feature is not seen in any other embal- 
lonurid bat (J. Dunlop, personal commun.). 

The phylogenetic relationships of Cen- 
tronycteris to other emballonurids have been 
addressed in only a few studies. It has long 
been recognized that Centronycteris is relat- 
ed to other Neotropical emballonurids, but 
there has been little agreement about which 
taxa are its closest relatives. Peters (1872) 
suggested that Centronycteris resembles Sac- 
copteryx in the shape of the ears, tragus, and 
overall form of the skull, but is more like 
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Peronymus and Rhynchonycteris in having a 
broad mesopterygoid fossa and weak zygo- 
matic arches. Dobson (1878) cited Peter’s 
(1872) observations, added his own (mistak- 
en) conclusion from misreading Peters that 
Centronycteris calcarata (= Centronycteris 
maximiliani) had a wing sac, and transferred 
this species to the genus Saccopteryx along 
with species previously referred to Balan- 
tiopteryx, Peropteryx, and Peronymus. The 
general conclusion that Centronycteris (rec- 
ognized as either a distinct genus or subge- 
nus) was closely related to Saccopteryx and/ 
or other sac-winged Neotropical emballon- 
urids was widely accepted for most of the 
next half-century (e.g., Palmer, 1898; Miller, 
1907; Goldman, 1920; Allen and Barbour, 
1923). 

Miller (1907) contrasted Centronycteris to 
a group including Saccopteryx, Cormura, 
Peropteryx, and Peronymus in a key in his 
influential monograph on the families and 
genera of bats. All five taxa were noted as 
having wing sacs and ‘“‘premaxillaries well 
developed above, their extremities lying dis- 
tinctly on upper surface of rostrum’’ (Miller, 
1907: 85). Within this group, Centronycteris 
was distinguished from the other genera on 
the basis of form of the zygomatic arch, 
which is greatly expanded anteriorly and 
covers the toothrow in dorsal view in Sac- 
copteryx, Cormura, Peropteryx, and Peron- 
ymus but not in Centronycteris. 

Almost 60 years after Dobson (1878) mis- 
takenly attributed wing sacs to Centronycter- 
is, Sanborn (1937: 324) corrected this error 
and, in a key based on external characters, 
grouped Centronycteris with Rhynchonycter- 
is because these are the only “emballonuri- 
nes”’ that lack a wing sac. In a subsequent 
key based on craniodental morphology, San- 
born (1937: 324) grouped Centronycteris 
with Cormura because they share a common 
morphology of the anterior upper premolar 
(“‘round, with anterior and posterior cusps’’). 
In another key based on skull morphology, 
Dalquest et al. (1950) grouped Centronycter- 
is with Cormura based on premolar mor- 
phology and presence of a median septum 
dividing the basisphenoid pits. However, 
placement in a key cannot be assumed to rep- 
resent a hypothesis of relationships, and it 
was not until the 1970s that the phylogenetic 
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Taphozous 
Saccolaimus 
Emballonura 

Coleura 
Peropteryx 
Peronymus 


Balantiopteryx 


Cormura 
Centronycteris 
Saccopteryx 
Rhynchonycteris 
Diclidurus 


Barghoorn (1977) 


Robbins & Sarich (1988) 


Fig. 8. Two phylogenies illustrating the possible relationships of Centronycteris and other embal- 
lonurids. The phylogeny of Barghoorn (1977) was based on craniodental characters; that of Robbins 
and Sarich (1988) was based on immunlogical and allozyme data. 


relationships of Centronycteris were explic- 
itly addressed. 

The first phylogenetic analysis including 
Centronycteris was that of Barghoorn 
(1977), who considered only craniodental 
features. In a manual cladistic analysis of 23 
characters scored in 13 taxa, he found that 
Centronycteris fell in an unresolved clade 
containing Cormura, Saccopteryx, and Dicli- 
durinae (Cyttarops + Diclidurus; fig. 8). The 
sister-group to this clade was another large 
clade including Balantiopteryx, Peropteryx, 
Peronymus, and Coleura. A survey of the de- 
rived characters linking Centronycteris with 
other taxa reveals that, as far as Barghoorn’s 
data are concerned, Centronycteris is identi- 
cal to Cormura and falls within the range of 
variation seen in Saccopteryx. Rhynchonyc- 
teris was not included in Barghoorn’s (1977) 
study. 

Robbins and Sarich (1988) included Cen- 
tronycteris in an analysis of emballonurid re- 
lationships based on allozymes and immu- 
nological distance data. A manual locus-by- 
locus cladistic analysis of the allozyme data 
placed Centronycteris in a clade with Sac- 
copteryx, Balantiopteryx, Rhynchonycteris, 
and Diclidurus (Robbins and Sarich, 1988). 
Alternatively, they placed Centronycteris in 
a large, unresolved group with Emballonura, 
Coleura, Balantiopteryx, Diclidurus, Cor- 
mura, Peropteryx, Peronymus, Rhynchonyc- 


teris, and Saccopteryx based on analysis of 
albumin and transferrin immunological dis- 
tances. The distance data reported by Rob- 
bins and Sarich (1988: table 3) suggest that 
Centronycteris is most similar immunologi- 
cally to Cormura and Rhynchonycteris. 
However, it is not clear if this similarity is 
relatively primitive (symplesiomorphic) or 
derived (synapomorphic). 

At the conclusion of their study, Robbins 
and Sarich (1988: fig. 4) summarized the re- 
sults of their allozyme and immunological 
studies in a single tree shown in figure 8. 
This phylogenetic tree indicated that Neo- 
tropical emballonurids form a monophyletic 
group, but did not provide resolution of most 
relationships within that clade. 

Results of the studies discussed above sug- 
gests that Centronycteris is probably closely 
related to Cormura (with which it shares im- 
munological similarities and derived cranio- 
dental features), Rhynchonycteris (with 
which it shares immunological similarities 
and derived isozymes), Saccopteryx (with 
which it shares derived craniodental features 
and isozymes), and/or Balantiopteryx (with 
which it shares derived isozymes). Lack of a 
wing sac in Rhynchonycteris and Centron- 
ycteris, which we interpret as a plesiomorph- 
ic character, leads us to suspect that these 
taxa may lie near the base of the Neotropical 
emballonurid clade, outside the clade that in- 
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cludes Cormura, Saccopteryx and Balantiop- 
teryx (taxa that have wing sacs). A formal 
phylogenetic analysis of relationships among 
Neotropical emballonurids (including both 
species of Centronycteris) will be presented 
elsewhere. 


NATURAL HISTORY 


Little is known about the natural history 
of Centronycteris. Habitat preferences are 
poorly understood, although some patterns 
emerge from a review of collection records. 
Several specimens have been shot on the 
wing, presumably while foraging or com- 
muting from one location to another (e.g., 
AMNH 74820; FMNH 41558; KU 32088, 
156014). Others have been shot while roost- 
ing (AMNH 267397), caught in hand nets 
(e.g., USNM 304864; UWZM-NEP 291170- 
07), or captured in harp traps set along trails 
(e.g., KU 127971). Several specimens have 
been recovered from ground-level mist nets 
(e.g., TTU 30670; USNM 503827, 514956, 
535021) or nets 6 to 10 m above the ground 
(e.g., ROM 107081, 107082; TTU 13419). 
Recent advances in acoustic monitoring tech- 
niques now make it possible to identify Cen- 
tronycteris by its echolocation calls (B. Mil- 
ler, personal commun.; E. Kalko, personal 
commun.), but ecological studies using these 
methods have not yet been completed. Col- 
lection records thus form the basis of our 
limited understanding of the ecology of Cen- 
tronycteris. 

Most known specimens of Centronycteris 
have been collected in lowland forest at el- 
evations between sea level and 300 meters, 
but C. centralis is also known from localities 
between 1160 and 1450 m in Panama, Ec- 
uador, and Peru (see Gazetteer). Peters 
(1872) described an individual reputedly 
from the “high plains” of Peru, but this 
specimen appears to have been subsequently 
lost and no detailed locality information is 
available (see discussion in Tuttle [1970] and 
Koopman [1978]). 

Starrett and Casebeer (1968: 4) offered the 
following observations about habitat require- 
ments of Centronycteris based on their ex- 
periences with C. centralis in Costa Rica: 


The rarity of specimens of Centronycteris ..., in the 
light of our limited experience with this bat, suggests 
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that it requires relatively heavy forest (possibly virgin 
stands) in which to live. The very slow and highly 
maneuverable, floppy flight of this species makes it 
well-adapted to hunting insects among trees and 
along natural (and now man-made) pathways and 
clearings. The three specimens reported here were all 
collected in just such situations. 


These observations are in agreement with 
many but not all collection records for Cen- 
tronycteris. Most collection localities for C. 
centralis and C. maximiliani are apparently 
dominated by primary evergreen rainforest 
(e.g., Dalquest et al., 1950; Starrett and Cas- 
ebeer, 1968; La Val, 1977; Greenbaum and 
Jones, 1978; Albuja, 1982; Williams et al., 
1983; Reis and Peracchi, 1987; personal 
obs.). Degree of development of forest 
growth at these localities has been described 
as ranging from “‘dense”’ (e.g., Dalquest et 
al., 1950: 431; Reis and Peracchi, 1987: 167) 
to ‘dense ... with moderately developed un- 
derstory’’ (Williams et al., 1983). In Guyana, 
specimens of C. maximiliani were collected 
in poorly drained lowland forest dominated 
by Mora, Penticlethra, and Licania trees 
(Pakatau Falls; see Gazeteer) but also nearby 
in well-drained forest dominated by Chlo- 
rocardium, Eperua, and Escheweilera (Burro 
Burro River; B. Lim, personal commun.). In 
addition to lowland rainforest habitats, one 
specimen of C. maximiliani from Venezuela 
was collected in a region dominated by 
‘“‘sclerophile evergreen forest” (McCarthy 
and Ochoa, 1991), another specimen from 
Surinam was collected in “‘savanna forest” 
(Husson, 1962, 1978), and a specimen of C. 
centralis was taken in ridgetop cloud forest 
in Panama (USNM 339021). These records 
suggest some degree of flexibility in habitat 
requirements. Centronycteris centralis has 
been recorded several times in disturbed for- 
est, including (1) in secondary forest in Co- 
lombia (UMZM-NEP 291170-07), (2) on 
trails through secondary forest in central 
Panama (USNM 503927, 514956, 535021) 
and Costa Rica (see fig. 7), and (3) in Nic- 
aragua in a telegraph right-of-way through 
second growth forest in which logging was 
underway (Baker and Jones, 1975). In the 
latter instance, several individuals were 
sighted “‘traveling extremely slowly and in a 
straight path along the right of way” (Baker 
and Jones 1975: 1). 
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Little is known about the roosting require- 
ments of Centronycteris species. Female C. 
centralis have been collected from tree holes 
in Ecuador (FMNH 41431; Sanborn, 1936) 
and Belize (FMNH 63949; Sanborn, 1941), 
suggesting that these bats may roost in tree 
holes during the day. However, one of us 
(COH; 17 February 1991) found a C. cen- 
tralis of unknown sex hanging at midday 5 
m above the ground under a large Philoden- 
dron \eaf in the subcanopy in tall secondary 
forest in Panama. When disturbed, the bat 
flew to another Philodendron leaf on another 
tree in the subcanopy. This sighting is similar 
to that reported for a male C. maximiliani 
(AMNH 267397), which was “‘shot at 4 PM 
while hanging from underside of large Me- 
lastamaceae leaf, about 3 m above ground in 
well-drained primary forest’’ in French Gui- 
ana (R. Voss, field notes for 31 August 
1993). It is not clear whether this was the 
day roost of this bat, or an interim roost used 
prior to the start of foraging. 

Several reports of Centronycteris have 
noted that they may be active before dark. 
The specimen of C. centralis collected by 
Dalquest in Mexico (KU 32088) was shot 
while flying in the late afternoon (Dalquest 
et al., 1950). Another specimen captured on 
Barro Colorado Island by C. B. Koford 
(USNM 304864) was caught with a hand net 
in the “‘evening,”’ possibly before it was fully 
dark. The individual shown in figure 7 was 
captured in a net while flying along a trail in 
Costa Rica at 18:05 h. At Burro Burro River 
in Guyana, a specimen of C. maximiliani 
(KU 156014) was shot while it was flying in 
the forest at 1700 h. 

As with other aspects of natural history, 
little is known about reproduction in Cen- 
tronycteris. Two pregnant female C. centralis 
were captured in mid-May in Costa Rica, 
each with a single, large fetus (length 19 mm 
in specimen collected; La Val, 1977). Simi- 
larly, a pregnant C. centralis was captured in 
late May in Nicaragua (Greenbaum and 
Jones, 1978). In Ecuador, a female C. cen- 
tralis pregnant with a 9 mm fetus was col- 
lected in March (Albuja, 1982). A female 
Centronycteris maximiliani collected in cen- 
tral Brazil (INPA 2495) was lactating at the 
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time of her capture in mid-February. Nothing 
else is known about reproduction in these 
species. 
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Appendix: Specimens Examined 


The following list includes all specimens ex- 
amined in this study. See “‘Gazetteer’’ for insti- 
tutional abbreviations and detailed locality and 
specimen information for Centronycteris. 


Centronycteris: Centronycteris centralis: Mexi- 
co: KU 32088; Belize: AMNH 269847, 269848; 
FMNH 63949; Guatemala: FMNH 41558; Nica- 
ragua: TTU 30670; Costa Rica: KU 127971; LSU 
9338; MCZ 7092; Panama: BMNH 0.7.11.3 (ho- 
lotype); MVZ 108943; USNM 304864, 311571, 
339021, 503827, 514956, 535021; Colombia: 
FMNH 98230; KU 135138; UWZM-NEP 291170- 
07; Ecuador: AMNH 63663; FMNH 41431, 53421; 
USNM 548065; Peru: MUSM 1078; Centronycteris 
maximiliani: Venezuela: AMNH 74820; Guyana: 
KU 156014; ROM 107081-107082; French Gui- 
ana: AMNH 267397; Brazil: AMNH 78858; INPA 
2495, 2502, 2541; BMNH 12.22.4.3; 44.6.9.9; ZMB 
54654 (holotype). 

Other Emballonuridae: Balantiopteryx io 
(AMNH 185765, 214401—214403); Balantiopteryx 
plicata (AMNH 175388—-175389, 189577—189578); 
Cormura_ brevirostris (AMNH 74103, 265994, 


266001—266004, 266008—266009, 267069—267070, 
267072—267075, 267077—267079, 267394, 267819— 
267831); Cyttarops alecto (USNM 566432- 
566434); Diclidurus albus (AMNH 99310, 149167, 
214183; USNM 120577, 407097—404099, 534417); 
Diclidurus ingens (USNM 407091—407092); Dicli- 
durus isabellus (USNM 388542-388544); Diclidu- 
rus scutatus (AMNH 95779, 99309, 142908, 
267832; USNM 407102-—407103); Peropteryx leu- 
coptera (AMNH 26601 1-266014, 267087-—267088, 
267280); Peropteryx macrotis (AMNH 209227, 
210518, 266006—266007); Peropteryx kappleri 
(AMNH 61486-61494, 239068, 265989-—265990); 
Peropteryx trinitatus (AMNH 7493-7495, 17556, 
175558-175559); Rhynchonycteris naso (AMNH 
209190—209191, 209205, 209213—209215, 210455, 
248745, 265981, 265986, 265988); Saccopteryx bil- 
ineata (AMNH 210461, 265962—265965, 267059, 
267061-267063, 267374—267378); Saccopteryx ca- 
nescens (AMNH 94366, 164753; USNM 392995); 
Saccopteryx gymnura (AMNH_ 93519-93520, 
265967, 267843; USNM 392995, 460080); Saccop- 
teryx leptura (AMNH 265968—265973, 267065— 
267066, 267380—267386, 267844—267849). 
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